Introduction
Massive vitreous hemorrhage is not infrequently encountered in clinical practice in patients who develop leukemia and are treated with chemotherapy. Vitrectomy is indicated for vitreous hemorrhage, provided the patient's general condition is good enough to undergo the procedure. However, to the best of our knowledge, there have been no cases reported in the literature regarding the use of vitrectomy in a child with massive vitreous hemorrhage due to leukemia or secondary to its treatment. We recently evaluated and performed vitrectomy in a child with severe massive vitreous hemorrhage due to secondary acute myelogenous leukemia (AML) associated with disseminated intravascular coagulation (DIC) and tumor lysis syndrome. Herein, we report on the vitrectomy and the outcome of the patient after the procedure.
Case Report
A tumorous mass at the right lateral side of the abdomen of a 4-year-old boy was detected in April 2011. He was diagnosed as having right kidney tumor and was subsequently hospitalized in the Department of Pediatrics of the Hirosaki University Hospital. After pediatric surgeons performed a total resection of his right kidney and a histopathologic examination, he was diagnosed as having clear-cell renal cell carcinoma. After surgery, he was treated with chemotherapy, and his general condition gradually improved. However, he then exhibited general malaise and was diagnosed as having secondary AML in May 2012. Although chemotherapy treatment for the AML was once again successful, subsequent tumor lysis syndrome, DIC, intracerebral hemorrhage, and secondary renal and heart failures led to severe deterioration of his general condition.
An ultrasound examination performed by his pediatricians detected bilateral intraocular protrusions, and he was referred to our ophthalmology clinic. We were unable to measure his visual acuity at the first examination, as he had been sedated for general treatment. Subsequent fundus examinations did show intraocular protrusions, and he was diagnosed with bilateral subretinal or choroidal hemorrhages. A few weeks later, bilateral dense vitreous hemorrhages occurred, his fundi became totally obscured, and he became blind. Electroretinograms (ERG) were extinguished bilaterally, and A/B-mode ultrasonographies revealed bilateral combined vitreous hemorrhage and hemorrhagic retinal detachment ( fig. 1 ).
After intensive pediatric treatment, his general condition improved to the point where he was well enough to receive transplantation of umbilical cord blood stem cells in September 2012. Transplanted cord blood stem cells were successfully engrafted, and his general condition continued to improve. Because both his parents and the pediatricians wanted to treat his blindness with surgery, we agreed to perform vitrectomy associated with lens extraction and intraocular lens (IOL) implantation in his left eye. The left eye was chosen for the surgery as it still demonstrated a sluggish direct light reflex, while his right eye had completely lost the direct light reflex.
Although his visual acuity showed no light perception bilaterally, preoperative ocular examinations revealed that a sluggish direct light reflex remained in his left eye and that bilateral dense massive vitreous hemorrhages could still be observed ( fig. 2 ). However, ultrasonographic examinations showed that the previously detected hemorrhagic retinal detachments ( fig. 1 ) were no longer observable.
In December 2012, the patient underwent 25-gauge pars plana vitrectomy combined with phacoemulsification and aspiration (PEA). We first prepared surgical ports for the 25-gauge vitrectomy and then uneventfully performed PEA before starting the vitrectomy procedure. After removal of the dense vitreous hemorrhage, we observed that the peripheral retinal color was mottled, similar to that which is seen after the complete absorption of a subretinal hemorrhage. Surprisingly, with the exception of numerous fine retinal folds, the retinal color in the posterior pole appeared almost normal, and the optic disc was not pale. Because we detected a putative perforating retinal hole in the mid-peripheral portion, laser photocoagulation was applied around the lesion. Next, an IOL was implanted in the bag, and a posterior capsulotomy was performed. We then closed all surgical incisions. No surgical complications occurred during or after the operation. Although the postoperative visual acuity remained at light perception for 3 months, it gradually started to improve 4 months postoperatively. The condition of the fundus appeared to be almost the same as that seen at the end of surgery ( fig. 3a ). An optical coherence tomography examination of the left eye indicated that while the shape of the central fovea was normal, the external limiting membrane was absent, and the inner segment ellipsoid line was extremely thin and not continuous under the fovea (fig. 3b ). In September 2013, the corrected visual acuity in his left eye improved to 0.1.
Discussion
We evaluated and then performed a vitrectomy in a child with severe massive vitreous hemorrhage due to leukemia or secondary to chemotherapy for leukemia. Retinal hemorrhages, pre-and subretinal hemorrhages, cotton wool spots, optic disc edema, and invasion of neoplastic cells, among others, are some of the various ocular complications that have been reported for leukemia over the years [1] . However, bilateral massive vitreous hemorrhages are extremely rare [2] [3] [4] [5] [6] . Tanji et al. [7] have reported adult cases with vitreous hemorrhages that were related to leukemia. In such cases, a decrease in erythrocytes and/or platelets can lead to an increase in capillary permeability, subsequently allowing the erythrocytes to easily leak out to extravascular spaces. In addition, the decrease in leukocytes causes a reduction in the immune capacity and an increase in the vulnerability to infections, which may ultimately cause vascular inflammation and lead to an increased capillary permeability. On the other hand, DIC induces coagulopathy and impairment of the repair mechanisms of vessels, which can then exacerbate the hemorrhagic complications [8] . Furthermore, retinal ischemia due to leukemic retinopathy or invasion of tumor cells may cause vitreous hemorrhage. In our case, the patient developed acute renal failure, which may also have induced dysfunction of the platelets. Although his intracerebral hemorrhage showed a massive cerebral stromal hematoma associated with its rupture to the lateral ventricle but without subarachnoid hemorrhage, there might still be a possibility that the intraocular hemorrhage occurred by a mechanism similar to Terson syndrome.
As mentioned above, there are various causes of vitreous hemorrhage known to be associated with leukemia. In the present case, bilateral massive vitreous hemorrhage was considered to be the most probable mechanism due to a reduction of platelets caused by chemotherapy and DIC. In this case, we were able to perform a combination of PEA, pars plana vitrectomy, and implantation of IOL without any severe complications. The red blood cells massively occupied the vitreous space adjacent to the posterior lens capsule ( fig. 2) , so that we decided to remove the crystalline lens to maintain fundus visibility during surgery. Because the patient had reached the age of 4 years, his axial length was approximately 22.0 mm, which provided sufficient space for us to safely perform these surgical procedures. Fortunately, complete posterior vitreous detachment had also occurred, and there was neither 
